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Background. Limited data exist regarding a learning curve for pancreaticoduodenectomy (PD). This study examines whether a
learning curve exists for the performance of PD after fellowship training. Methods. Review of the outcomes of a single surgeon’s
ﬁrst 60PDs after completion of specialty training in pancreatic surgery. Results. SixtyPDs were performed over ﬁve years, with the
ﬁnal 30 being done in the last 15 months. Patient age and gender did not diﬀer between the ﬁrst 30 and last 30 patients. When
comparing the ﬁrst 30PDs to the second 30PDs, signiﬁcant improvements were found in operative time (463 versus 388 minutes),
length of stay (10 versus 7 days), and receipt of adjuvant therapy (58% versus 91%). There were no signiﬁcant diﬀerences found in
mortality (7% versus 0%), complications (60% versus 50%), readmissions (18% versus 20%), or margin-positive resections (25%
versus 24%). Conclusion. Even with extensive training in pancreatic surgery, a learning curve exists for the performance of PD.
With experience, improvements were made in operative time, but more importantly in patient outcomes including length of stay
and receipt of adjuvant therapy.
1.Introduction
There is a growing literature about learning curves and
the performance of advanced laparoscopic operations, such
as fundoplication and colectomy [1, 2]. Open pancreatico-
duodenectomy (PD) is a complex operation about which
there are limited data regarding a learning curve. Tseng
et al. examined the initial operative experiences with PD
of three fellowship-trained surgeons [3]. They found that
after 60 cases, each surgeon showed improvement with
regard to estimated blood loss, operative time, length of
stay, and achievement of margin-negative resections. They
concluded that there was an “inherent learning curve” in the
performance of pancreaticoduodenectomy.
A question not answered by Tseng et al. is whether fewer
than 60 PDs could be a threshold beyond which improve-
ment is seen in the performance of PD by a fellowship-
trained surgeon. This study examines the outcomes of a
single surgeon’s ﬁrst 60 PDs, assessing for changes over time.
2. Methods
The Institutional Review Board of University Hospitals Case
Medical Center approved this study. The medical records of
a single surgeon’s ﬁrst 60 pancreaticoduodenectomies were
reviewed. During his chief resident year and an additional
year of training in advanced gastrointestinal surgery, the
surgeon performed 63 PDs, seven distal pancreatectomies,
and ﬁve total pancreatectomies. The operations examined in
this study occurred over ﬁve years (July 2004–June 2009),
with the ﬁnal 30 cases done over the last 15 months.
The data were analyzed comparing the ﬁrst 30 cases
(Group 1) to the last 30 cases (Group 2). Overall com-
plications, including pancreatic ﬁstula and delayed gastric
emptying (DGE), were scored using recognized classiﬁcation
systems [4–6]. The pancreaticojejunostomy was performed
using an invaginating technique [7]. Postoperative care
followedapathwaysimilartothatdescribedbyKennedyetal.
[8]. Continuous variables were analyzed by the Wilcoxon2 HPB Surgery
Table 1: Complications.
Group 1 Group 2 P-value
Mortality 7% 0% .50
Morbidity 60% 50% .44
Clavien 1-2 27% 33%
Clavien 3-4 27% 17%
DGE 23% 17% .75
A 10% 10%
B3 % 7 %
C 10% 0%
Fistula 30% 13% .21
A7 % 0 %
B 17% 13%
C7 % 0 %
Wound infection 13% 23% .51
rank sum method and categorical variables by the chi-square
test or Fisher’s exact test, where appropriate.
3. Results
The median (interquartile range, IQR) ages of the patients
in groups 1 and 2 were 69 (63–76) and 65 (56–73) years,
P = .13. Forty-seven and 50% of patients in groups 1 and
2, respectively, were female, P = .80.
All operations were performed with the assistance of
residents or fellows. The postgraduate year (PGY) diﬀered
between groups 1 and 2. In group 1, 3%, 43%, 47%, and 7%
o ft h ec a s e sw e r ed o n ew i t hP G Y 3 ,P G Y 4 ,P G Y5 ,a n dP G Y 6
help. In group 2, the respective percentages were 0%, 80%,
13%, and 7%, P = .006.
Forty-three percent of patients in group 1 underwent a
pylorus-preserving PD whereas 50% underwent a pylorus-
preserving PD in group 2, P = .61. Median (IQR) estimated
blood loss did not diﬀer between groups, 778 (500–1250) ml
versus 800 (450–1025)ml, P = .75. Median (IQR) operative
time did decrease from group 1 to group 2, 463 (412–540)
minutes versus 388 (338–420) minutes, P = .002. An equal
percentage of patients in both groups had soft glands, 43%
versus 45%, P = .99.
Morbidity and mortality are shown in Table 1.T w o
patients died in group 1 and none in group 2, but this
diﬀerence was not statistically signiﬁcant. The ﬁrst patient
died on postoperative day 24 from complications associated
with bleeding that could not be controlled angiographically
and required a return to the operating room. The second
patient died on postoperative day 20 during a percutaneous
endoscopic gastrostomy being done for refractory DGE.
There were no diﬀerences in morbidity, and in particular
pancreatic ﬁstula, DGE, or wound infection, between groups
1a n d2 .
Median (IQR) length of stay decreased from group 1 to
group 2, 10 (8–17) versus 7 (6–11) days, P = .02. Rates of
reoperation, 20% versus 10% (P = .47) and readmission,
Table 2: Reasons for reoperation.
Group 1
Percutaneous endoscopic gastrostomy for DGE (POD 20)
Laparotomy for bleeding (POD 24)
Fascial debridement/closure with biologic mesh (POD 8)
Conversion loop gastrojejunostomy to Roux-en-Y
gastrojejunostomy for DGE (1.5 months)
Fascial debridement/closure with biologic mesh (POD 11)
Gastrectomy for gastric staple line ﬁstula (2.5 months)
Group 2
Lysis of adhesions for small bowel obstruction (1.5 months)
Subcutaneous debridement/vacuum dressing placement (POD 24)




Group 1 Group 2 P-value
Malignant 93% 77% 0.15
∗Tumor Size (cm) 3.5 (2.5–4) 3.0 (2.5–4) 0.46
∗R1 25% 24% 0.99
Tumor size reported as median (interquartile range).
∗Tumor size and R1 are for pancreatic adenocarcinoma.
18% versus 20% (P = .99) did not diﬀer between groups.
Reasons for reoperation are shown in Table 2.
Final pathology, tumor size, and R1 resection status
did not diﬀer between groups, Table 3. For patients with
periampullary adenocarcinoma, a greater percentage of
patients in group 2 received adjuvant therapy, 58% versus
91%, P = .02. A separate, similar analysis (data not shown)
comparing the ﬁrst 20 cases to the last 20 cases revealed
similar, signiﬁcant diﬀerences in operative time, length of
stay, and receipt of adjuvant therapy.
4. Discussion
Learning curves have been described for a number of
advanced, minimally invasive operations [1, 2]. Limited data
exist, however, regarding the learning curve for PD, one of
the most complex operations performed by surgeons. Tseng
et al. analyzed the learning curve for PD by looking at the
initial operative experience of three, fellowship-trained sur-
geons [3]. Their analysis found that after 60 cases, signiﬁcant
improvements were achieved in estimated blood loss (1100
versus 725ml), operative time (589 versus 513 minutes),
length of stay (15 versus 13 days), and R1 resection rate
(30% versus 8%). They did not analyze other outcomes such
as mortality, morbidity, rates of reoperation/readmission,
or receipt of adjuvant therapy. They concluded that PD
has an “inherent learning curve,” and that after 60 cases
improvements were seen in the metrics noted above.
Data from the current study conﬁrm the ﬁndings of
Tseng et al. with regard to the presence of a learning curve
for PD after fellowship training. Similar to Tseng et al., thisHPB Surgery 3
study showed improvements in operative time and length of
stay with experience. However, in this study, improvements
were observed after 30 cases. Certainly, neither the data
from this study nor the study of Tseng et al. deﬁne the
learning curve for PD after fellowship training. They simply
demonstrate that one exists. What experience constitutes
the learning curve may depend on a number of factors
including individual ability as well as training volume
in the preoperative, operative, and postoperative care of
patients requiring pancreatic surgery. The preoperative and
postoperative care components of patients undergoing PD
can not be underestimated as knowing whom to operate on
and how to manage complications may be just as important
to patient outcomes as is the technical performance of the
operation.
The concept of a learning curve correlates with the
abundant literature on volume-outcome relationships, par-
ticularlythosedescribedforPD[9–11].Thosedatashowthat
individual surgeon volume as well as hospital volume have a
direct impact not only on short-term patient outcomes, but
also on long-term outcomes, such as survival. The concept
of the volume-outcome relationship and the presence of a
learning curve for PD after fellowship training are especially
important given that, according to the Accreditation Council
for Graduate Medical Education, graduating US surgical
residents in 2009 performed an average (standard deviation)
of 5.6 (5) pancreaticoduodenectomies during their training.
These data clearly show that the average graduating surgical
resident in the U.S. who is not fellowship trained is very early
in his or her learning curve for mastering PD. Further, such
data in the future may inﬂuence hospital credentialing, as, in
general, documentation beyond general surgical training is
almost always needed for advanced laparoscopic procedures,
but not for complex open procedures such as PD, esophagec-
tomy, or hepatectomy.
Other ﬁndings of this study that warrant discussion
include the changing nature of the level of resident involved
in the operation. Part of the way through the Group 1
experience, our surgical services were rearranged such that
the senior resident on the author’s service changed from
a PGY5 to a PGY4. Such a change did inﬂuence how
much of an operation the resident performed. Uniformly,
the resident performed the biliary and gastrointestinal
anastomoses. However, whether the resident performed the
pancreaticojejunostomy depended on their year of training,
gland texture, and individual ability. Perhaps the most
intriguing ﬁnding of the study, though, was that patients
were more likely to receive adjuvant therapy after resection
for periampullary adenocarcinoma in group 2 (91%) versus
Group 1 (58%). This occurred despite no signiﬁcant changes
in complications, reoperations, or readmissions. This out-
come is of importance as adjuvant therapy after resection for
pancreatic cancer has been shown to increase survival, but
single-institution studies show that as few as 47% to 74% of
patients receive adjuvant therapy [12, 13]. Explanations for
the increase in adjuvant therapy may include a 10% decrease,
though not signiﬁcant, in Clavien 3-4 complications as well
as active involvement by the author in the discussion and
planning of adjuvant therapy in the later phases of the study
period. During that time, the author helped introduce an
adjuvant therapy trial at the institution.
The most obvious limitation to this study is that it exam-
ines a single surgeon’s initial operative experience and that
may not be generalizable to all fellowship trained surgeons.
Also, the number of patients studied is somewhat small
such that some clinically relevant diﬀerences between groups
1 and 2 may not have achieved a statistically signiﬁcant
level. The current data do approximate the outcomes of
Tseng et al. as well as the outcomes of a large, single-
institution experience with PD [14]. Finally, what constitutes
a fellowship-trained surgeon? There are numerous pathways
to achieve further training in pancreatic surgery: surgi-
cal oncology, transplantation, and hepatopancreaticobiliary
surgery. The experience across fellowship disciplines and
across institutions certainly diﬀers.
PD is a complex operation with an associated learning
curve. The data presented in this study corroborate the exist-
ing literature that even after fellowship training, improve-
ments in operative and patient outcomes are achieved with
experience. The learning curve for an individual surgeon is
likely to vary.
Acknowledgment
Karem Harth, M.D. M.H.S., provided the statistical analysis
for this paper.
References
[1] J. Gill, M. I. Booth, J. Stratford, and T. C. B. Dehn, “The
extended learning curve for laparoscopic fundoplication: a
cohort analysis of 400 consecutive cases,” Journal of Gastroin-
testinal Surgery, vol. 11, no. 4, pp. 487–492, 2007.
[ 2 ]P .P .T e k k i s ,A .J .S e n a g o r e ,C .P .D e l a n e y ,a n dV .W .F a z i o ,
“Evaluation of the learning curve in laparoscopic colorectal
surgery: comparison of right-sided and left-sided resections,”
Annals of Surgery, vol. 242, no. 1, pp. 83–91, 2005.
[3] J. F. Tseng, P. W. T. Pisters, J. E. Lee et al., “The learning curve
in pancreatic surgery,” Surgery, vol. 141, no. 4, pp. 456–463,
2007.
[4] D. Dindo, N. Demartines, and P. A. Clavien, “Classiﬁcation
of surgical complications: a new proposal with evaluation in
a cohort of 6336 patients and results of a survey,” Annals of
Surgery, vol. 240, no. 2, pp. 205–213, 2004.
[ 5 ]C .B a s s i ,C .D e r v e n i s ,G .B u t t u r i n ie ta l . ,“ P o s t o p e r a t i v e
pancreatic ﬁstula: an international study group (ISGPF)
deﬁnition,” Surgery, vol. 138, no. 1, pp. 8–13, 2005.
[ 6 ]M .N .W e n t e ,C .B a s s i ,C .D e r v e n i se ta l . ,“ D e l a y e dg a s t r i c
emptying (DGE) after pancreatic surgery: a suggested deﬁni-
tion by the International Study Group of Pancreatic Surgery
(ISGPS),” Surgery, vol. 142, no. 5, pp. 761–768, 2007.
[ 7 ]E .P .K e n n e d y ,J .B r u m b a u g h ,a n dC .J .Y e o ,“ R e c o n s t r u c t i o n
followingthepyloruspreservingwhippleresection:PJ,HJ,and
DJ,” Journal of Gastrointestinal Surgery, vol. 14, no. 2, pp. 408–
415, 2010.
[8] E. P. Kennedy, E. L. Rosato, P. K. Sauter et al., “Initiation of a
critical pathway for pancreaticoduodenectomy at an academic
institution—the ﬁrst step in multidisciplinary team building,”
Journal of the American College of Surgeons, vol. 204, no. 5, pp.
917–923, 2007.4 HPB Surgery
[ 9 ]J .D .B i r k m e y e r ,S .R .G .F i n l a y s o n ,A .N .A .T o s t e s o n ,S .M .
Sharp, A. L. Warshaw, and E. S. Fisher, “Eﬀect of hospital
volume on in-hospital mortality with pancreaticoduodenec-
tomy,” Surgery, vol. 125, no. 3, pp. 250–256, 1999.
[10] J. D. Birkmeyer, T. A. Stukel, A. E. Siewers, P. P. Goodney,
D. E. Wennberg, and F. L. Lucas, “Surgeon volume and
operative mortality in the United States,” New England Journal
of Medicine, vol. 349, no. 22, pp. 2117–2127, 2003.
[11] Y. Fong, M. Gonen, D. Rubin et al., “Long-term survival is
superior after resection for cancer in high-volume centers,”
Annals of Surgery, vol. 242, no. 4, pp. 540–547, 2005.
[12] M. Piperdi, T. P. McDade, J. K. Shim et al., “A neoadju-
vant strategy for pancreatic adenocarcinoma increases the
likelihood of receiving all components of care: lessons from
a single-institution database,” Journal of the International
Hepato Pancreato Biliary Association, vol. 12, no. 3, pp. 204–
210, 2010.
[13] T. A. Sohn, C. J. Yeo, J. L. Cameron et al., “Resected adenocar-
cinoma of the pancreas—616 patients: results, outcomes, and
prognostic indicators,” Journal of Gastrointestinal Surgery, vol.
4, no. 6, pp. 567–579, 2000.
[14] J. M. Winter, J. L. Cameron, K. A. Campbell et al., “1423
pancreaticoduodenectomies for pancreatic cancer: a single-
institutionexperience,”JournalofGastrointestinalSurgery,vol.
10, no. 9, pp. 1199–1211, 2006.